Abstract: A Bose-Einstein condensate with atoms in a magnetic field-insensitive spin projection was created by direct evaporative cooling in a single-beam optical dipole trap. Condensed atoms were extracted to realize a novel type of atom laser. We here report on an all-optical realization of an atom laser [31. Our experiment builds upon a BoseEinstein condensate generated in a trap which confines atoms in field-insensitive spin projections alone. The remaining magnetic field sensitivity of the chemical potential is 0.014 pK/mG2, and determined only by the quadratic Zeeman effect. An alternative way to produce field-insensitive condensates is to use atoms with spin singlet ground states, as atomic ytterbium [41. We have extracted condensed atoms into a coherent and monochromatic beam by lowering the dipole trapping potential in a controlled way, which forms a novel type of atom laser.
The occupation of a single quantnm state by many hosonic atoms is a matter-wave analog to the storage of photons in a laser cavity. Inspired by optical lasers -building upon the outcoupling of photons from such a cavity, soon after the realization of atomic Bose-Einstein condensates in magnetic traps, condensed atoms have been extracted to form a coherent 'atom laser' beam 111. A major experimental issue here was to reduce the influence of stray magnetic fields, which for magnetically trapped states cause a shift of the chemical potential of typically 67 nWmG. On the other hand, e.g. atomic precision spectroscopy has demonstrated the benefit of using magnetic field insensitive mF=O spin projections. While atoms in such states cannot be kept in magnetic traps, optical dipole traps can confine atoms in all spin projections. Successful evaporative cooling to BoseLEinstein condensation has been demonstrated in dipole force traps 121.
We here report on an all-optical realization of an atom laser [31. Our experiment builds upon a BoseEinstein condensate generated in a trap which confines atoms in field-insensitive spin projections alone. The remaining magnetic field sensitivity of the chemical potential is 0.014 pK/mG2, and determined only by the quadratic Zeeman effect. An alternative way to produce field-insensitive condensates is to use atoms with spin singlet ground states, as atomic ytterbium [41. We have extracted condensed atoms into a coherent and monochromatic beam by lowering the dipole trapping potential in a controlled way, which forms a novel type of atom laser.
In our experiment, 87Rb atoms are evaporatively cooled to quantum degeneracy in a tightly focused CO*-laser optical dipole trap. The use of a single running wave ensures a very stable operation of the condensate production. Previous experiments creating quantum degeneracy in dipole traps have all required the use of either a more alignment-sensitive crossed dipole trap geometry or Feshbach resonances to enhance the collisional rate. In our trap, due to the weak confinement along the dipole beam axes, a moderate magnetic field gradient removes atoms in field-sensitive spin projections during the final stage of evaporative cooling. Without applied field gradient, a spinor condensate with 12000 atoms distributed among the mF= -1, 0 and 1 spin projections is generated. When the magnetic gradient is activated, 7000 atoms condense into the mF=O component alone. Within our trap lifetime we do not observe losses from spin-changing collisions. This is attributed to the energetic suppression of such spin exchange due to the second order Zeeman shift. Finally, we have extracted atoms from the condensate by smoothly ramping down the trapping potential to form a collimated and monoenergetic atom laser beam. Fig. 1 shows a typical image of the generated coherent beam along with a transverse cut, which illustrates the smooth transverse mode profile. As fluctuations of the magnetic field cause a shift of the chemical potential only via the second order Zeeman effect, no magnetic shielding is required for this measurement even in a magnetically noisy environment. The output stability is limited only by trapping laser intensity fluctuations. 
